Peripheral resistance Oxygen consumption were studied. Persistent elevation in diastolic pressure was a requirement for inclusion of a patient in this study; all readings in the recent past were 90 mm Hg or more and at least five measurements, on separate days, were made. Since it was desirable to separate the effects of hypertension from its cardiovascular consequences, no one who had complained of cardiac symptoms or had a history of a heart attack was included. Furthermore, no subject had electrocardiographic evidence suggestive of an earlier myocardial infarction. Only patients who were carrying on their usual occupations were accepted. Information gained from a questionnaire regarding the usual activities of this group of patients showed that they did not differ from those of the normal subjects with whom they were compared. Almost all subjects were engaged in sedentary occupations and, with few exceptions, undertook no strenuous physical exertion. An estimation of arterial disease in each patient was made from physical examination (absent arterial pulses or vascular murmurs), x-ray evidence (unfolding of the aorta), and determination of the serum cholesterol.
SUMMARY
Sixty-one asymptomatic hypertensive patients from 19 to 68 years of age were subjected to a progressive exercise test on a cycle ergometer. A decline in maximal oxygen consumption and cardiac output and an increase in systolic blood pressure were observed with age. These findings were similar to those observed in normal subjects. In the middle-aged (35 to 49 years) and older subjects (50 to 60 years), the systolic pressure showed a greater increase with exercise than in normals of their age, but this did not apply to subjects aged 19 to 34 years. The cardiac response to exercise was normal at rest and at all levels of exercise in the middle-aged group, but the oldest group showed a reduced maximum cardiac output. In the youngest age group, cardiac output was normal at rest but fell below normal at all levels of exercise.
Maximal voluntary oxygen consumption and cardiac output were significantly reduced with increasing severity of hypertension. Peripheral resistance Oxygen consumption were studied. Persistent elevation in diastolic pressure was a requirement for inclusion of a patient in this study; all readings in the recent past were 90 mm Hg or more and at least five measurements, on separate days, were made. Since it was desirable to separate the effects of hypertension from its cardiovascular consequences, no one who had complained of cardiac symptoms or had a history of a heart attack was included. Furthermore, no subject had electrocardiographic evidence suggestive of an earlier myocardial infarction. Only patients who were carrying on their usual occupations were accepted. Information gained from a questionnaire regarding the usual activities of this group of patients showed that they did not differ from those of the normal subjects with whom they were compared. Almost all subjects were engaged in sedentary occupations and, with few exceptions, undertook no strenuous physical exertion. An estimation of arterial disease in each patient was made from physical examination (absent arterial pulses or vascular murmurs), x-ray evidence (unfolding of the aorta), and determination of the serum cholesterol.
The data on these patients were compared with those in the 54 normal subjects in the previous publication, and as in that study, the patients were divided into three groups according 231 to age4: group I comprised 13 therefore, the numbers for whom cardiac output data were available are given. In 35 patients, the vital capacitywasmeasuredbeforeand after exercise and in 12, the partial pressure of oxygen (Pa02), of carbon dioxide (PaCO2), and the pH in arterial blood were also measured.
Results
Analysis of the data for hypertensive patients is considered in the same manner as the analysis of the normal subjects; maximal response to exercise is first followed by an analysis of their responses according to increments in oxygen consumption. Finally, the severity and clinical types are considered.
Findings at Maximally Achieved Level of Exercise
The maximum voluntary exercise capacity of the hypertensive subjects grouped according to age is given in table 1. This shows that the maximum level of oxygen consumption and cardiac output achieved by the hypertensive patients fell with age very much as it did in the normals and compared with the respective normal groups, the oxygen consumption (VO2) in the hypertensive subjects was not significantly lower than in the normal. The maximum heart rate was the same as that of the normal for each group .a In the analysis of the data from hypertensive patients, it became apparent that their responses were more complex than those of normal subjects. As will be seen, this resulted blood pressure group. t = P < 0.05. § = P < 0.01. Oxygen consumption mi/min STPD Figure 3 Effect of exercise on the calculated arteriovenous difference in normal subjects and hypertensive patients in age group II.
from the interaction between the effects of aging and the severity of hypertension. The changes in diastolic pressure with exercise were small and did not differ from the normal. The systolic pressure in groups II and III showed a greater rise than the normals; in the youngest age group, the change in systolic pressure was not greater than that seen in the normal subjects of the same age ( fig. 1) Oxygen consumption ml/min. STPD Figure 4 Effect of exercise on the total peripheral resistance in normal subjects and hypertensive patients in age group II. ** and *** indicate significant differences, *** P<0.001; **P<0.01.
Circulation, Volume XXXVI, August 1967 subjects. The curve for calculated arteriovenous oxygen difference was also the same ( fig. 3) as the normal.
In spite of the increased work load imposed on the left ventricle by hypertension, the cardiac response to exercise in this age group was adequate. The increased cardiac work was not great enough to affect oxygen consumption for a given work load in hypertensives.
The total peripheral resistance measurements ( fig. 4) showed that the hypertensive group maintained a higher resistance at all levels of exercise. Although there was some narrowing of the difference between the normal and hypertensive groups at the lowest level of exercise, the curves soon become parallel. This pattern was the same in comparisons of all hypertensive and normal groups of the same age.
It is convenient next to consider age group III since this group showed few differences from the normals of their own age. The level of blood pressure in group III was approximately the same as for group II. The mean Oxygen consumption ml/min. STPD Figure 5 Effect of exercise on the cardiac output in normal subjects and hypertensive patients in age group L * indicates significant differences, P < 0.05. recumbent blood pressure for the group was 185/101 mm Hg as opposed to 181/106 mm Hg for group II. The cardiac output, at rest, was lower than that of group II, but corresponded to the normal level at that age. The cardiac output at the lower levels of exercise was almost identical to that of normal subjects, but with increasing exercise, it was a little lower, and this was reflected in the lower maximum cardiac output (table  1) .
For age group I, the mean resting blood pressure was 172/106 mm Hg. The cardiac output was normal at rest, both in the recumbent and sitting positions, but the increase in cardiac output with exercise was less than in the normals and, as the maximum level of exercise was reached, the cardiac output failed to increase in spite of the increasing oxygen uptake ( fig. 5) Neither the renal nor the adrenal types of hypertension showed differences in cardiac output at rest, nor in the patterns of response of the blood pressure and cardiac output to exercise. The number of patients involved, however, is too small to provide a firm opinion on these findings.
Discussion
In general, hypertensive patients demonstrated a greater rise in systolic pressure with exercise than normal subjects of the same age, -3 but in the youngest group this was not apparent. The response, therefore, was not sufficiently characteristic to be used as a test for hypertensive disease. Sannerstedt,3 likewise, found a normal rise in blood pressure with exercise in his mildest hypertensive subjects. They also formed his youngest group. The greater rise in systolic blood pressure seen in the hypertensive patients of groups II and III probably result from sclerosis of the large blood vessels as a result of the disease.5 The level of pressure itself appears to play little part since it was not observed in the youngest subjects. An excessive rise in systolic pressure during exercise has also been seen in patients with coronary artery disease. 6 In all age groups, the resting cardiac output was normal; the pattern of response to exercise up to the maximum level was usually similar to the normal, indicating that the left ventricle can readily accept the increased work load until hypertension becomes severe.
The youngest age group, however, showed an inadequate cardiac response indicative of the fact that, for their age, the level of hypertension represented a clinically more severe form of the disease. These findings are in general agreement with others,' 3'7 except that elevated cardiac output at rest in mild hypertension has frequently been reported. 2, 3, 7, 8 This difference may be the result of the selection of cases since the patients Circulation, Volume XXXVI, August 1967 admitted to the present study were required to have sustained elevation in recumbent blood pressure. Similarly, the more severe hypertensive patients in our study did not have a lower resting cardiac output, as reported by others; here again, selection was important since subjects with symptoms indicative of cardiac failure were rejected for these experiments. It is interesting that, in spite of the absence of symptoms in our subjects, those with more severe hypertension showed a clear limitation in exercise capacity and in the maximal cardiac response to exercise. Hypertension, therefore, in all but its mildest forms offers a significant handicap to physical exercise.
It has long been recognized that the peripheral vasculature in hypertension is capable of considerable vasoconstriction and vasodilatation, and the response to exercise demonstrated that the ability to reduce the overall resistance is normal in hypertension. In general, however, as others have also observed,1' 3 7the difference in total peripheral resistance between the normal and hypertensive was maintained. This may represent a residual level of resistance in hypertensive blood vessels which cannot be overcome by potent vasodilator stimuli,9-1 or it may indicate that the vascular beds most affected in hypertension do not take part in the vasodilatation of exercise. This would be consistent with the observation that the vascular resistance in the vessels supplying limb musculature is normal, particularly in the less severe forms of hypertension,10' 12, 13 whereas the renal and cutaneous vascular beds are greatly affected. 13, 14 
